The triplet state of acridine orange dissolved in methanol/water matrix was investigated by ESR. In absence of oxygen a strong temperature dependence of the spectra was observed. At low temper ature (100 °K) the zero-field splitting parameters calculated from the triplet spectrum are: X / h c = 0.0050 cm-1 , Y / h c = 0.0342 cm-1 , Z //ic = 0.0387 cm-1 , at higher temperature (140 °K) : X * ( h c = 0.0056 cm-1 , Y */h c=0.0206 cm-1 , Z * /h c = 0.0262 cm-1 . It was assumed that the low temperature spectrum is caused by isolated molecules in the triplet state while the high temperature spectrum must be attributed to the triplet exciton state of the acridine orange dimer. From the theory of the ESR triplet exciton spectra it can be shown that in the dimer state of acridine orange the molecular planes form an angle of 50°or 130°. However, it cannot be excluded that the dimer configuration differs in the ground or excited singlet state from the triplet state.
It is well known since a long time that acridine orange forms dimers and higher aggregates already at room temperature 1> 2 and even to a higher degree at lower tem perature3' 4. The phosphorescence be havior of acridine orange monomers and dimers was investigated by C h a m b e r s and K e a r n s 5. They concluded from the change of the phosphorescence em ission spectrum accompanying dimerization that "there is a significant change in the intermolecular separation upon excitation of the acridine orange dim er" .
The triplet state of the acridine orange dimer represents a first step in the generation of a triplet exciton from the localized excited state of an isolated molecule. Therefore it should be possible to describe it by exciton theory. Theoretical investigations of the E S R spectra which can be expected for triplet excitons were carried out by S t e r n l i c h t and M c C o n n e l 6. Their results were verified by experi ments of H a a r e r and W o l f 7. S c h w o e r e r and W o l f 8 have proven in the case of naphthalene-d8 : naphthalene-h8 mixed crystals that the theory which had been developed for the explanation of the triplet exciton spectra can also be used -as to be ex pected -for pairs of molecules. Besides the normal triplet spectrum the authors found so-called " Mlines" during the excitation of the mixed crystals which were caused by exchange of excitation energy between two neighbouring naphthalene molecules occupying places with two different orientations within the unit cell.
In two preceding p a p ers9' 10 the E S R triplet spectrum of acridine orange was investigated. The samples were cooled using the Varian V-4557 cooling system which was used as adjusted by the fac tory. The theory of the ESR triplet spectra as far as it is used for the evaluation of the spectra has been reported in a previous paper 9. water at 100 CK with lig h t > 3 2 0 n m and the typical hyperfine structure for the • CH20 H rad ica l16 can be resolved.) The nature of this radical signal cannot be explained without further investigations. Perhaps it could be the primary product of acridine orange.
R esu lts

Low
M aterials and M ethods
The transitions between the high and low temperature spectrum can be reproduced repeatedly with the same sample by variation of temperature.
The monomer : dimer ratio of acridine orange is changed at the same concentration of the dye by variation of the methanol : water ratio of the solvent mixture. With a molar fraction of XMetOH = 0.1 much more acridine orange dimers are formed than at a molar fraction of a^eton = 0-8. While the Am = 1 spectrum of the solvent mixture with higher water content could be detected in the high temperature range without difficulties the signal disappeared at 100 °K because of its low intensity.
Discussion
The magnitude of the ZFS parameters indicates that the observed triplet states of the low tempera ture spectrum as well as the high temperature spec trum are n t z * tran sitions17. The only substance which can be excited to a ti n* triplet state under the conditions of the experiments is acridine orange. Therefore both the high and low temperature spectra must be attributed to the acridine dye. (After measuring the high temperature ESR spectra no photoproducts could be detected neither by chromatographic methods nor by absorption spectro scopy.) From the value of the ZFS parameter D of the high temperature spectrum it can be deduced that the delocalization of the triplet electrons is considerably larger in the high temperature range than at 100 °K . Therefore it seems reasonable to assign the low temperature spectrum to an isolated acridine orange molecule while the high temperature must be attributed to the dimer species. The last spectrum can be explained by the theory of triplet excitons the simplest case of which are dimers.
The problem concerning the temperature depend ence of the spectra cannot be exactly solved so It is a simple matter to show 6> 8 that a change of the ZFS parameters at the transition from an isolated triplet state to the triplet exciton state can only be expected if an exchange of energy takes place between differently oriented molecules. Systems with parallel oriented molecules give essen tially the same resonance spectra as the isolated molecules except for the absence of a nuclear hyperfine structure (a sufficiently high exchange frequency is presum ed). Naturally in samples of randomly oriented molecules the latter effect is not detectable.
Thus the large differences between the ZFS parameters in the high and low temperature spec trum of acridine orange can only be explained if there is a considerable deviation of the dimer configuration (at the triplet state) from a parallel structure. B l e a r s and D a n y l u k 23 concluded from their NMR measurements that the molecular planes of acridine orange are oriented nearly parallel to each other with the centers of the adjacent rings slightly out of line. A parallel arrangement of acridine orange 14 and analogous dyes 24 is also assumed by som e other authors. But if the interpretation of the ESR spectra is correct this assumption must be wrong for acridine orange, at least in the triplet state under the experimental conditions of this work (rigid solutions with m ethanol). However, it cannot be excluded that the dimer configuration 23 D . J. B l e a r s and S. S. D a n y l u k . J. Amer. Chem. Soc. 89, 21 [1967] . 24 Th. F ö r s t e r , Naturwiss. 33,166 [1946] . differs in the triplet state from that of the ground or electronically excited singlet state 4' 5.
As it was pointed out previously, the low tempera ture spectrum could also originate from acridine orange aggregates the molecular planes of which are oriented parallel to each other 6' 8.
The calculations are applicable as well for the energy transfer between molecules within a higher acridine orange aggregate assuming not more than two different orientations of molecules.
